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1) 对于 POM 反应，在 Pt-Co/CaO-Al2O3 催化剂中，CaO 是一种有效助剂，
能提高催化剂的活性和稳定性，贵金属 Pt 的添加可显著改善催化剂性能。在 Pt
添加量 0.1～0.5wt%范围内，Pt 添加量越多，催化活性越好；Pt 添加量过高(＞
0.5wt%)时,催化活性反而降低。 
2) 较长时间的催化剂寿命实验表明，0.5Pt9Co9CaAl 催化剂不但有较高的催
化活性，而且有较好的稳定性和抗积炭性能。在 750 ℃、CH4/O2/Ar = 2/1/4、空
速为 100000 ml·g-1·h-1 条件下，其 CH4 转化率（～85%）和 CO 选择性（～92%）
在 100 h 反应时间内基本保持不变，且反应后的催化剂无明显积炭。 
3) 0.5Pt9Co9CaAl 催化剂有较好的低温催化活性，更低的起燃温度，不经预
还原就有较好的催化活性，在高空速反应条件下也表现出优异的催化性能。 
4) Pt-Co/CaO-Al2O3 催化剂中活性组分 Pt、Co 之间存在催化协同作用，XPS
表征结果说明在 Pt、Co 之间存在电子效应，金属 Pt 能在催化剂表面富集。 
5) TPR 表征结果表明 Pt 添加量低至 0.1wt%时即可使催化剂可还原性能显著
改善，且 Pt 添加量越多，可还原性能越强；CH4 脉冲实验说明 Pt 的添加有利于
CH4 在催化剂上的活化解离。 
6) 催化剂 XRD 以及 TEM 表征结果表明，在 Pt-Co/CaO-Al2O3 催化剂中贵
金属 Pt 在催化剂高温还原过程中对活性组分金属 Co 有一种再分散作用，少量贵
金属 Pt 能有效提高还原后催化剂金属 Co 的分散度,使金属 Co 的颗粒度减小，
但 Pt 添加量过高(＞0.5wt%)时,反而导致金属 Co 颗粒度增大。     
















抑制了金属钴的氧化和 CoAl2O4 物种的生成,从而导致 Pt-Co/CaO-Al2O3 催化剂
稳定性显著提高。 
 























































This dissertation focuses on partial oxidation of methane (POM) to syngas over 
Pt-Co/CaO-Al2O3 bimetallic catalysts. A series of techniques such as activity 
measurement, BET, XRD, H2-TPR, XPS, Raman, TEM and CH4 pulse reaction have 
been used to examine catalytic performance and the phys-chemical properties of the 
catalysts, regarding surface area, dispersion of catalytically active phase, redox 
property and catalyst structure. Combining the results of catalytic reaction and 
catalyst characterization, the roles of CaO promoter as well as small amount of noble 
metal, and the interaction between catalytically active compositions (Pt and Co) and 
its effect on the performance of the catalysts have been investgated. Furthermore, the 
mechanism of deactivation of Co/CaO-Al2O3, the catalyst without Pt addition has also 
been discussed. The main results of the study are summarized as follows: 
1) In the Pt-Co/CaO-Al2O3 catalysts, CaO is an effective promoter to improve 
activity and stability, while the addition of noble metal Pt can further greatly enhance 
the catalytic performance for POM reaction. The activity of the catalyst increases with 
Pt content in the range of 0.1%~0.5wt%, At higher Pt content (> 0.5wt%), however, 
the activity is decreased due to Pt addition. 
2) The long-time stability test demonstrates that the Pt-Co/CaO-Al2O3 catalyst 
with a Pt content of 0.5wt% possesses not only higher activity for POM but also 
excellent stability and resistance carbon deposition. Under the reaction conditions of 
T = 750 ℃, CH4/O2/Ar = 2/1/4 and GHSV = 100000 ml·g-1·h-1, the catalyst performs 
with the CH4 conversion of ~85%, CO selectivity of ~92% and undetectable carbon 
deposition during 100 h.  
3) As compared with Co/CaO-Al2O3 catalyst, the Pt-Co/CaO-Al2O3 catalyst has 
lower ignition temperation, better catalytic performance under low temperature and 
high space velocity conditions. The Pt-containing catalyst shows a good catalytic 
performance even with no pre-reduced. 
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Pt-Co/CaO-Al2O3 catalysts. XPS results reveal that Pt interacts with Co and Pt is 
enriched on the catalyst surface. 
5) H2-TPR results show that the addition of 0.1wt% Pt can remarkably improve 
the reducibility of the catalyst, and the reducibility increases with the Pt content. CH4 
pulse experiments reveal that the addition of Pt can promote activation and 
decomposability of the CH4. 
6) XRD and TEM results indicate that the metallic Co particles of the reduced 
catalysts can be redispersioned due to the addition of Pt. A small amount of noble 
metal Pt can effectively decrease the Co particle size, however, the Co particle size 
increased when the amount of Pt increase to more than 0.5wt%. 
7) TPR, Raman and XPS characterization of the used catalysts indicate that the 
deactivation of Co/CaO-Al2O3 catalysts is due to the reoxidation of metallic Co and 
the formation of CoAl2O4 spinel phases under the reaction conditions, which can be 
suppressed by the addition of small amount of Pt. Maybe these could be related to the 
excellent catalytic stability of Pt-Co/CaO-Al2O3 catalysts.   
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上难度较大，而且目标产物很容易被深度氧化为 CO2 和 H2O，选择性很低，因
此在近期内很难实现工业化。间接转化法是目前工业化大规模应用的方法，其过
































图1-1  甲烷转化路径图 







                   CH4+H2O → CO+3H2 （ H△ Ө298k = +206kJ/mol）  
      该方法技术上已趋向成熟，在工业生产上已经应用了几十年，H2 含量高，
适合于合成氨和以氢气为目的产物的工艺。但反应吸热，能耗高，设备复杂，投
资和操作费用高，生产能力低，高温下催化剂易失活，且 H2/CO 比值不适合后
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